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The use of seasonings is important in food industry because the bioactive compounds contained in these dried 
aromatic plants improve the taste and the flavor of food. These dried aromatic plants can often be contaminated 
with some heavy metals, polycyclic carbohydrates residues and pesticides which may occur during the 
cultivation operation, drying process, manufacture and conditioning. The aim of this study is to determine the 
contamination with heavy metals (lead, cadmium, chromium, nickel and cobalt) of basil (B), rosemary (R) and 
peppermint (M) seasonings used in Romanian cuisine. The concentration of lead ranged 0.058 - 0.643 mg.kg-1 
(M), 0.209 - 0.493 mg.kg-1 (R), 0.077 - 0.139 mg.kg-1 (B). The concentration of cadmium varied: 0.004 - 0.035 
mg.kg-1 (M), 0.004 - 0.007 mg.kg-1 (R), 0.002 - 0.009 mg.kg-1 (B). The concentration of chromium ranged 0.304 
- 0.403 mg.kg-1 (M), 0.450 - 0.457 mg.kg-1 (R), 0.208 - 0.336 mg.kg-1 (B). The concentration of nickel varied 
from 0.376 - 0.848 mg.kg-1 (M), 0.354 - 0.427 mg.kg-1 (R), 0.230 - 0.334 mg.kg-1 (B). The concentration of cobalt 
ranged 0.037 - 0.167 mg.kg-1 (M), 0.065 - 0.137 mg.kg-1 (R), 0.112 - 0.156 mg.kg-1 (B).  
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INTRODUCTION 
Spices (dried aromatic plants) are defined by the International Organization for 
Standardization (ISO) as “vegetable products or mixtures thereof free from 
extraneous matter, used for flavouring, seasoning and imparting aroma in foods” 
(ISO 676:1995). Food and Drug Administration (FDA) has classified seasonings or 
spices as food ingredients that are "generally recognized as safe" (GRAS) in Code 
of Federal Regulations (CFR) Title 21.  
Since Sumerians discovered aromatic and medicinal plants in 5000 BCE, they were 
cultivated all around the world because of their aromatic and sometimes for the 
preservatives properties (Maiko et al., 2019). Nordin and Selamat (2013) found 
that spices are substances which do not contain nutritive components but they 
have antioxidant and antimicrobial action. Rosemary (Rosmarinus officinalis), 
basil (Ocimum basilicum) and mint (Mentha piperita) are herbs from Lamiaceae 
family (Nutrizio et al., 2020). Rosemary has been used as flavourings agents and 
for medicinal purposes due to its aromatic odour and biological activity (Ali et al., 
2019). Rosemary posses antimicrobial, antioxidant, anticancer and diuretic 
properties (Babovic et al., 2010; Moore et al., 2016; Haloui et al. 2000; Rozman & 




effects. Basil’s anthocyanins have anticancer effect, anti-inflammatory and neuroprotective effects (McCance et al., 
2016). Mint is used for its flavorings and fragrance properties. Mint is effective in reducing symptoms of headache 
and it has relaxing properties (Kligler et al.,2007). Chemical contamination with heavy metals may appear because 
of the accumulation of pesticides, insecticides and herbicides residues in the plants during the cultivation process 
(Attalah et al., 2012; Cai et al. 2015). The residues remained in the spices could cause allergenic effects in human 
health such as cancer, neurological and reproductive disorders, immunotoxicity, kidney, liver and lungs 
functionality problems (Akoto et al., 2015; Fiamegos et al. 2016; Yavuz et al. 2016).  Heavy metals are also 
accumulated in aromatic plants from the water, air and soil and they are not biodegradable (Tripathy et al., 2015; 
Makanjuola & Osinfade, 2016).  
 Some of plant’s heavy metals are considered essential in the plant growth or they have functional roles, including 
iron, copper and zinc. Other heavy metals like lead, chromium, nickel, cadmium and mercury are considered to be 
toxic to the plant and our body (Nordin et al., 2013). Lead (Pb) is considered a toxic substance that cause serious 
damage to organs. Lead reduce the hemoglobin formation and kidney disfunction (Duruibe et al., 2017; Nadeem et 
al., 2006; Yu et al., 2011; Huang et al., 2010). Cadmium (Cd) accumulates in the human body especially in the kidneys, 
breasts, lungs and brain. Excessive exposure to cadmium may lead to an increased risk of cancer (Notarachille et al., 
2014; Satarug et al., 2014) 
 Objective of this study is to determine the content of lead, cadmium, chromium, nickel and cobalt in selected 
seasonings traded in the Romanian market. Results were compared with the maximum levels for certain 
contaminants in foodstuffs established by the COMMISSION REGULATION (EC) No 1881/2006 of 19 December 
2006. This study was conducted to test for heavy metal contamination fourteen different samples of basil, rosemary 
and peppermint.  
 The newest techniques used for determination of heavy metal content in products is inductively coupled plasma 
mass spectrometry (ICP-MS) (Khan et al. 2014). ICP-MS has high sensitivity and low detection limits for heavy metal 
traces. This technique is also quick and it has a wide linear dynamic range (Khan et al. 2014, Nordin and Selamat 
2013).  
The aim of this study was to have an informative vision of the heavy metal content (lead, cadmium, chromium, 
nickel, cobalt) from three seasoning (basil, rosemary and peppermint), available on Romanian market, and to assess 
the compliance with legislation in force. 
 
MATERIALS AND METHODS 
Samples of three different dried aromatic plants were purchased randomly from Romanian markets. The 
experimental material consisted of 7 types of basil (Ocimum basilicum) (B1, B2, B3, B4, B5, B6, B7), 3 types of rosemary 
(Rosmarinus officinalis) (R1, R2, R3) and 4 types of mint (Mentha piperita) (M1, M2, M3, M4) (Figure 1-3). 
  









Figure 3. Rosemary dried aromatic plants 
 
 
 Reagents  
 Nitric acid (HNO3) and hydrogen peroxide (H2O2) used in this study are ultrapure solutiond and they were 
purchased from Merck. Calibration curves were obtained using Multielement Standard Solution 6 for ICP purchased 
from Sigma Aldrich. To avoid sample contamination, all dilutions were performed using ultrapure water (18.2 
MΩ.cm) and all glassware and digestion vessel was cleaned and decontaminated with 10% HNO3.  
 
 Equipment  
 Heavy metals content from samples was performed using a NexION 300Q Inductively Coupled Plasma Mass 
Spectrometer (Perkin Elmer). The operating conditions of ICP – MS are provided in Table 1.  
 
Table 1. Operating parameters ICP – MS for analysis of studied samples 
Parameter Value 
Nebuliser gas flow 0.91 L min -1 
Auxiliary gas flow 1.20 L min -1 
Plasma gas flow 16 L min -1 
Deflector voltage - 11 V 
ICP RF power 1000 W 
Analog stage voltage - 2000 V 
Pulse stage voltage 1050 V 
Discriminator Threshold 11 
 
 Sample preparation 
 For heavy metals content analysis, samples were prepared by dry ashing, using 5 grams of each type of dried 
aromatic plant, which was initially crushed and well homogenized. The homogenized aromatic plants were then 
placed in crucible porcelain and subjected to slow increasing heating in furnace from room temperature to 550°C, 
overnight, to obtain white or gray herbal ash residue. The obtained residue was dissolved in 2.5 ml of 50% (v/v) 
nitric acid and heated on a water bath for 10 min. The residues were then filtered through filter paper, transferred 
to 50 mL volumetric flask and made up to the mark. The samples were analysed in triplicate. 
 
 Calibration  
 Calibration curve for each element was performed with the reagent described above.  Five multielement 
calibration solutions were prepared at different concentration, thus, 10 µg.L-1µg.L-1, 20 µg.L-1, 30 µg.L-1, 40 µg.L-
1 and 50 µg.L-1. The calibration curve for all the elements reveal a good linearity over the whole range of 
concentrations, with a coefficient of regression higher than 0,995 and a recovery between 95.0 % and 102.2 %. The 
limit of quantification and the limit of detection obtained by analizying the blank in 10 replicates was 1,2 µg.L-1, 
respectively 0,6 µg.L-1, for lead, cadmium and chromium, 0,06 µg.L-1 and 0,03 µg.L-1 for cobalt and 0,12 µg.L-1 
respectively 0,06 µg.L-1 for nickel.  
 
RESULTS AND DISCUSSIONS    
The contents of lead, cadmium, chromium, nickel and cobalt found in different common spices were presented in 
Tab. 2-4.  












M1 A 0.643 ± 0.013 0.035 ± 0.004 0.312 ± 0.010 0.657 ± 0.005 0.167 ± 0.007 
M2 B 0.146 ± 0.012 0.007 ± 0.001 0.304 ± 0.006 0.848 ± 0.009 0.209 ± 0.004 
M3 C 0.135 ± 0.010 0.022 ± 0.011 0.306 ± 0.007 0.376 ± 0.008 0.037 ± 0.004 


















B1 G 0.077 ± 0.005 0.004 ± 0.003 0.208 ± 0.006 0.292 ± 0.008 0.135 ± 0.006 
B2 D 0.085 ± 0.007 0.009 ± 0.001 0.275 ± 0.005 0.269 ± 0.006 0.131 ± 0.003 
B3 H 0.139 ± 0.010 0.005 ± 0.001 0.324 ± 0.004 0.334 ± 0.009 0.156 ± 0.004 
B4 I 0.063 ± 0.010 0.004 ± 0.001 0.217 ± 0.006 0.238 ± 0.003 0.112 ± 0.005 
B5 J 0.080 ± 0.007 0.002 ± 0.001 0.336 ± 0.006 0.230 ± 0.005 0.120 ± 0.007 
B6 K 0.114 ± 0.011 0.004 ± 0.001 0.285 ± 0.005 0.271 ± 0.007 0.136 ± 0.004 
B7 F 0.063 ± 0.011 0.004 ± 0.001 0.245 ± 0.008 0.270 ± 0.007 0.146 ± 0.004 
 












R1 D 0.493 ± 0.005 0.007 ± 0.002 0.457 ± 0.007 0.427 ± 0.003 0.137 ± 0.003 
R2 E 0.301 ± 0.011 0.006 ± 0.001 0.450 ± 0.008 0.420 ± 0.007 0.106 ± 0.005 
R3 F 0.209 ± 0.007 0.004 ± 0.003 0.454 ± 0.013 0.354 ± 0.005 0.065 ± 0.005 
 
 The results found for lead and cadmium are compared with EU Regulation 1881/2006, where the maximum 
allowed limit for lead is 0.3 mg.kg-1 and for cadmium is 0.2 mg.kg-1. The concentration of lead ranged from 0.058 
mg.kg-1 to 0.643 mg.kg-1 for mint, 0.209 mg.kg-1 to 0.493 mg.kg-1 for rosemary and 0.077 mg.kg-1 to 0.139 mg.kg-
1 for basil. The concentration of cadmium varied from 0.004 mg.kg-1 to 0.035 mg.kg-1 for mint, 0.004 mg.kg-1 to 
0.007 mg.kg-1 for rosemary and 0.002 mg.kg-1 to 0.009 mg.kg-1 for basil. The concentration of chromium ranged 
from 0.304 mg.kg-1 to 0.403 mg.kg-1 for mint, 0.450 mg.kg-1 to 0.457 mg.kg-1 for rosemary and 0.208 mg.kg-1 to 
0.336 mg.kg-1 for basil. The concentration of nickel varied from 0.376 mg.kg-1 to 0.848 mg.kg-1 for mint, 0.354 
mg.kg-1 to 0.427 mg.kg-1 for rosemary and 0.230 mg.kg-1 to 0.334 mg.kg-1 for basil. The concentration of cobalt 
ranged from 0.037 mg.kg-1 to 0.167 mg.kg-1 for mint, 0.065 mg.kg-1 to 0.137 mg.kg-1 for rosemary and 0.112 
mg.kg-1 to 0.156 mg.kg-1 for basil. Microelements like chromium, nickel and cobalt do not have some criteria of 
admissibility.  
 Preliminary studies revealed that the content of cadmium for basil is below 0.2 mg.kg-1 (Reinholds et al., 2016; 
Tokalioglu et al., 2018; Shim et al., 2018; Krejpcio et al., 2007). Harangozo et al. (2018), Dghain et al. (2015), Valtcho, 
Lyle, and Baoshan (2006) and Abou- Arab and Donia (2000) reported that the concentration of cadmium for basil 
is 1.38 mg.kg-1 respectively 1.11 mg.kg-1, 0.7 mg.kg-1 and 1.26 mg.kg-1. 
 
Table 5. Comparative study of Cadmium content in Ocimum basilicum 
Plant Metal Range of concentrations 
(mg.kg-1) 
Reference 
Ocimum basilicum Cd 0.09-0.19 Reinholds et al. (2017) 
Ocimum basilicum Cd 0.13-1.11 Dghain et al. (2015) 
Ocimum basilicum Cd 0.01-0.067 Shim et al. (2018) 
Ocimum basilicum Cd 0.03-0.07 Tokalioglu et al. (2018) 
Ocimum basilicum Cd 0.01-1.26 Abou-Arab and Donia 2000) 
Ocimum basilicum Cd 0.01-1.38 Harangozo et al. (2018) 
Ocimum basilicum Cd 0.1-0.7 Valtcho, Lyle, and Baoshan (2006) 
Ocimum basilicum Cd 0.03-0.11 Krejpcio et al. (2007) 






Figure 4. Comparative study of Cadmium content in Ocimum basilicum 
 
 Harangozo et al. (2018) and Tokalioglu et al. (2018) reported that the concentration of nickel for basil is 5.1 
respectively 6.74 mg.kg-1.  
 
 
Table 6. Comparative study of Nickel content in Ocimum basilicum 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Ocimum basilicum Ni 0.73-6.74 Tokalioglu et al. (2018) 
Ocimum basilicum Ni 0.2-5.1 Harangozo et  al. (2018) 












































Tokalioglu et al. (2018) Harangozo et  al. (2018) Present study




















Harangozo et al. (2018) and Tokalioglu et al. (2018) reported that the concentration of cobalt for basil is 2.3 
respectively 0.97 mg.kg-1. 
 
Table 7. Comparative study of Cobalt content in Ocimum basilicum 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Ocimum basilicum Co 0.6-0.97 Tokalioglu et al. (2018) 
Ocimum basilicum Co 0.9-2.3 Harangozo et  al. (2018) 




Figure 6. Comparative study of Cobalt content in Ocimum basilicum 
 
 In their research, Krejpcio et al. (2007), Reinholds et al. (2017), Tokalioglu et al. (2018) found that the content 
of lead for basil is 1.20 -1.21 mg.kg-1. The lowest concentration of lead (0.461 mg.kg-1) was found by Shim et al. 
(2018). Harangozo et al. (2018), Dghain et al. (2015), Valtcho, Lyle, and Baoshan (2006) reported the highest 
concentration of lead respectively 5.5, 16.15 and 33.6 mg.kg-1. 
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Plant Metal Range of concentrations 
(mg.kg-1) 
Reference 
Ocimum basilicum Pb 0.26-1.20 Reinholds et al. (2017) 
Ocimum basilicum Pb 9.01-16.15 Dghain et al. (2015) 
Ocimum basilicum Pb 0.081-0.461 Shim et al. (2018) 
Ocimum basilicum Pb 0.55-1.21 Tokalioglu et al. (2018) 
Ocimum basilicum Pb 0.1-5.5 Harangozo et  al. (2018) 
Ocimum basilicum Pb 26.8-33.6 Valtcho, Lyle, and Baoshan (2006) 
Ocimum basilicum Pb 0.07-1.20 Krejpcio et al. (2007) 





Figure 7. Comparative study of Lead content in Ocimum basilicum 
 
 Harangozo et al. (2018), Tokalioglu et al. (2018), Reinholds et al. (2017) and Abou-Arab and Donia (2000) 
studied chromium contamination in condiments and spices, among which basil. Their results for basil are 3.05, 
3.94, 6.89 and 8.75 mg.kg-1. 
 
Table 9. Comparative study of Chromium content in Ocimum basilicum 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Ocimum basilicum Cr 1.53-3.94 Tokalioglu et al. (2018) 
Ocimum basilicum Cr 2.02-3.05 Harangozo et  al. (2018) 
Ocimum basilicum Cr 1.31-6.89 Reinholds et al. (2017) 
Ocimum basilicum Cr 0.1-8.75 Abou-Arab and Donia 2000) 




Figure 8. Comparative study of Chromium content in Ocimum basilicum 
 In their research, Chizzola et al. (2003), Tokalioglu et al. (2018) and Abou-Arab and Donia (2000) studied lead 





















































































Table 10. Comparative study of Lead content in Mentha piperita 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Mentha piperita Pb 0.35-0.48 Tokalioglu et al. (2018) 
Mentha piperita Pb 0.01-0.08 Chizzola et al. (2003) 
Mentha piperita Pb 4.8-5.1 Abou-Arab and Donia 2000) 
Mentha piperita Pb 0.058-0.643 Present study 
 
 
Figure 9. Comparative study of Lead content in Mentha piperita 
 
 Tokalioglu et al. (2018), Chizzola et al. (2003) and Abou-Arab and Donia (2000) studied cadmium 
contamination in mint and reported values of 0.03, 0.05 respectively 1.35 mg.kg-1. 
Table 11. Comparative study of Cadmium content in Mentha piperita 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Mentha piperita Cd 0.9-1.35 Abou-Arab and Donia 2000) 
Mentha piperita Cd 0.01-0.05 Chizzola et al. (2003) 
Mentha piperita Cd 0.01-0.03 Tokalioglu et al. (2018) 




Figure 10. Comparative study of Cadmium content in Mentha piperita 
 
 Karadas and Kara (2012), Tokalioglu et al. (2018) and Sharma et al. (2011) reported that concentration of 
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Table 12. Comparative study of Chromium content in Mentha piperita 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Mentha piperita Cr 0.05-1.01 Karadas and Kara (2012) 
Mentha piperita Cr 0.75– 1.57 Tokalioglu et al. (2018) 
Mentha piperita Cr 0.01-3.6 Sharma et al. (2011) 




Figure 11. Comparative study of Chromium content in Mentha piperita 
 
 Tokalioglu et al. (2018) and Sharma et al. (2011) reported that concentration of nickel for mint is 3.6 
respectively 1.01 mg.kg-1. 
 
Table 13. Comparative study of Nickel content in Mentha piperita 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Mentha piperita Ni 2.49-3.60 Tokalioglu et al. (2018) 
Mentha piperita Ni 0.5-1.01 Sharma et al. (2011) 




Figure 12. Comparative study of Nickel content in Mentha piperita 
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Table 14. Comparative study of Cobalt content in Mentha piperita 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Mentha piperita Co 0.53-0.72 Tokalioglu et al. (2018) 




Figure 13. Comparative study of Cobalt content in Mentha piperita 
 
 Shim et al. (2018) and Tokalioglu et al. (2018) reported that concentration of lead for rosemary is 1.177 mg.kg-
1 and 0.48 mg.kg-1. The higher concentration of lead was reported by Sert et al. (2019) respectively 9.84 mg.kg-1. 
 
Table 15. Comparative study of Lead content in Rosmarinus officinalis 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Rosmarinus officinalis Pb 0.045-1.177 Shim et al. (2018) 
Rosmarinus officinalis Pb 0.35-0.48 Tokalioglu et al. (2018) 
Rosmarinus officinalis Pb 9.48-9.84 Sert et al. (2019) 
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 Shim et al. (2018), Tokalioglu et al. (2018) and Krejpcio et al. (2007) reported that concentration of cadmium 
for rosemary is 0.055, 0.09 and 0.024 mg.kg-1. The higher concentration of cadmium was reported by Sert et al. 
(2019) respectively 0.53 mg.kg-1. 
 
Table 16. Comparative study of Cadmium content in Rosmarinus officinalis 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Rosmarinus officinalis Cd 0.020 - 0.055 Shim et al. (2018) 
Rosmarinus officinalis Cd 0.01-0.09 Tokalioglu et al. (2018) 
Rosmarinus officinalis Cd 0.05-0.024 Krejpcio et al. (2007) 
Rosmarinus officinalis Cd 0.39-0.53 Sert et al. (2019) 




Figure 15. Comparative study of Cadmium content in Rosmarinus officinalis 
 
 Sert et al. (2019) reported a concentration of chromium for rosemary of 5.73 mg.kg-1, which is 10 times higher 
than the concentration found in Present study. 
 
Table 17. Comparative study of Chromium content in Rosmarinus officinalis 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Rosmarinus officinalis Cr 4.17-5.73 Sert et al. (2019) 
Rosmarinus officinalis Cr 0.450-0.457 Present study 
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 In their research, Sert et al. (2019) reported that the concentration of nickel for rosemary is 3.49 mg.kg-1. 
 
Table 18. Comparative study of Nickel content in Rosmarinus officinalis 
Plant Metal 
Range of concentrations 
(mg.kg-1) 
Reference 
Rosmarinus officinalis Ni 2.26-3.49 Sert et al. (2019) 




Figure 17. Comparative study of Nickel content in Rosmarinus officinalis 
 
CONCLUSIONS 
The content of lead for mint - M1 (sample exceed the EU Regulation limit, it’s value is two times higher than the 
limit) 0.643 mg.kg-1. The content of lead for mint - M2, M3 and M4 samples fits the EU Regulation limit.  
The content of lead for rosemary - R1 and R2 samples exceed the EU Regulation limit, their value is higher than the 
limit, respectively 0.493 mg.kg-1 for R1 and 0.301 mg.kg-1 for R2. The content of lead for rosemary - R3 sample fits 
the EU Regulation limit.  
The content of lead for basil – B1-B7 samples fits the EU Regulation limit.  
The content of cadmium for mint – M1-M4, rosermary – R1-R3 and basil – B1-B7 samples are under the EU Regulation 
limit.  
The findings of the study suggest that two of fourteen samples contained unsafe levels of lead respectively mint 
0.643 mg.kg-1 and rosemary 0.493 mg.kg-1. Compared to literature data, the results in Present study were lower 
than expected, excepted the lead concentration for mint which was higher than the literature findings.  
Further studies are needed to determine the chemical contamination with heavy metals (lead, cadmium, chromium, 
nickel, cobalt etc.) of other aromatic spices.  
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